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Abstract
The authors describe the rules for the use of qualitative research methods and optimization in conjunction with GIS tools to assess 
and optimize the pedestrian communication. Research was carried out on a part of the urban space, which is characterized by large 
and visible population trends. The analysis that was carried out resulted in creating cartographic imaging of the pedestrian 
communication system state in the urban space, its consistency and to provide directions for its modernization. The simplest 
example of a system that resembles the behaviour of ants is the system of pedestrian communication. This system has the features 
of self-organization, a permanent and flexible response to changes in a short period of time. Therefore, it is a perfect example of 
the system that can be optimized with the use of the so-called ant algorithms. The aim of this paper is to present the applicability 
of methods based on ant systems, which can be used for searching the optimum agent passage routes according to the imposed 
selection criteria. The communication function is one of the most important functions of urbanized areas. Communication routes 
define the city plan and undoubtedly influence spatial perception and usefulness, introduce movement into space and at the same 
time enable learning about space. Because of the rising urbanization level and accumulation of spatial functions, communication 
organization is an important task, often determining spatial usefulness. The problem of communication organization results, among 
others, from the rising number of space users, which requires the adaptation of the communication infrastructure to their needs. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The economic costs of communication in cities are also steadily rising. The growing congestion is a major danger 
for modern cities. This problem is the focus of attention for analysts and scientists, who increasingly often separate 
pedestrian communication from the general problem of communication [1]. This kind of movement, especially in 
urbanized space, was often considered self-organizing [2] and was rarely the object of conscious planning. This manner 
of shaping pedestrian communication has been changing with an increasing awareness that the quality of urban space 
directly depends on the quality of this communication [3,4,5].  
The organization of urban space in its multi-dimensional nature and multi-connected conurbations is often 
compared to an anthill. A human is perceived in this space as a chaotically moving ant seemingly heading in a not very 
specific direction [6]. Such comparisons are a contribution to the observation of the operation of anthill area systems, 
which by, as it were, reducing the scale of phenomena enables observation and the establishment of certain permanent 
and optimizing procedures [7,8]. The case of ant algorithms was discussed for the first time by Dorigo [9]. Dorigo’s 
research shows that collective ant behaviour is determined by certain evolutionary hypotheses: every individual in the 
population feels and reacts to the stimuli acting on the individual; the rules of collective population behaviour are 
effective only under specific environmental conditions, changes in the population’s living environment cause changes 
in the effectiveness of population behaviour, the variable factors in the population are: the number of individuals in 
each caste and the method of communication between individuals. Ant colonies are often called super-organisms, 
which are characterized by high survival capabilities despite the primitive traits of individuals. 
The mechanisms which cause the operation of a colony to adapt optimally to its living environment and adapt in a 
short time to changes occurring in this environment became the subject of examination by many researchers [10, 11, 
12]. The universality of this behaviour caused quick adaptation of these mechanisms to fields of science dealing with 
finding optimum spatial solutions and decision-making processes [13]. 
2. Use of ant algorithms to assessment of the pedestrian system network in the subject area  
The use of an ant algorithm to optimize pedestrian communication routes with the application of GIS software 
requires the recording of available information on footway assessment in the form of a geobase. The aim of the 
optimization first assumes the determination of the routes which are the best solutions using ant algorithm mechanisms 
and then the determination (on their basis) of the best connections in terms of frequency of use. In the next step, 
indication of the application of these results to the level of the entire network and determination of both weak and best 
elements form the basis for indicating optimum network solutions.  
The main operation of the algorithm took place based on the Iterative loop model shown in the diagram. The 
algorithm, having available the node obtained from the previous model, starts by the detection of all connections 
originating from the given node. For selected elements, the probability of their selection is determined, computed 
based on the quality of individual connections represented by the coefficient K, determined based on the assessment 
of the quality of the connections, and the coefficient f, i.e. the pheromone trail, the characteristic element for ant 
algorithms, which assumes variable values during the algorithm’s operation. The value of the coefficient f of 1 was 
adopted at the start of the algorithm’s operation. Moreover, depending on the number of connections originating from 
a given node, the sum of their quality was determined for them. The manner of determination of these values is 
presented by the formulas below.  
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where, proi: choice factor for i-th connection; di: quality i-th connection based on feature values and their weight; q: 
pheromone trail for i-th connection; pi: probability value for i-th connection. 
 
The connection with the highest probability value was selected based on the obtained values. According to the 
selection made, the pheromone trail values are recalculated according to the formulas below: 
- for the best selected connection 
 
d)(+q(t)=)+q(t 10,51          (3) 
 
- for other connection 
 
q(t)=)+q(t 0,51          (4) 
 
where, q(t): pheromone trail for i-th connection in t time; q(t+1): pheromone trail for i-th connection in t+1 time.  
 
The best connection is recorded in the object class route_node_number together with all computed parameters 
and the final node of the selected connection is then determined, which becomes the new initial node, for which the 
actions from the above model are performed again. The described analysis is carried out until the nodes are 
exhausted, which can occur in two ways: 
x basic, when all nodes existing in the network are used, 
x secondary, when the algorithm encounters during its operation a node at which there is only one connection 
with the node used earlier as the initial node. 
3. Results and Discussions 
It was necessary to select a representative area for the purposes of conducting the study. Since the main subject of 
the study is linear technical infrastructure, urbanized space was examined, densely developed and growth-oriented. 
Mainly because of these features, the study was conducted within the city of Olsztyn. As a result of the conducted 
field study and inventory of the subject of the study, a communication system network was created based on the 
determined pedestrian communication routes. The created network became the object of optimization by the proposed 
method. For the purposes of optimization, the created model was defined as a closed network. The said network is 
built of 2,001 connections linked by 1,100 nodes. It should be remembered, however, that many of edges set out in 
the field do not run in a straight line. Their real length is often much greater. The real length of all edges is 222.168 
m. The total route extension is 1.06, which is equal to the max route extension. This may indicate a quite detailed 
reflection of the network routes with the prepared model. However, the real length of edges was adopted for further 
analysis because it affects the final quality of these edges. Six features were analyzed more thoroughly during the 
conducted study. The examined features of pedestrian space are: surface, width, location relative to the road, length, 
inclination and the manner of footway administration (formal and informal paths) [14, 15]. Concrete quality 
characteristics and discriminant values corresponding to this quality ranging from 0 to 1 were assigned to each of them 
using qualimetric methods [16, 17].  The spatial relationship of the objects was the starting point for optimization 
analysis within the subject networks [18]. The focus was then on obtaining information about the features of 
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connections present in the network and determination of their quality. A packet of such data was obtained by analysing 
the available cartographic documents, topographic maps, orthophotomaps supported by site visits or for some features 
directly with analytical tools from the used software. This allowed the quality of individual network elements to be 
determined. The Summary Statistics tool was applied to determine the frequency values of individual connections. 
With such a data set available, it was possible to join the input objects of the class connect with this table based on 
OBJECTID, which allowed the frequency of selection to be assigned under the genetic algorithm’s operation to 
individual objects. Cartographic documents (general map – Figure 1 and identifying the best connections in the 
attached networks) were created on this basis.
 
Fig. 1. Map of the best connection selected. 
4. Conclusions 
The developed an algorithm and analysis of its operation results allowed important conclusions to be considered 
regarding the structure and principles of the design of pedestrian communication networks. The area of the subject 
space can be divided into two parts based on the study results. In the northern part of this area, where the building 
density is much lower, the network seems far more coherent. The path selection level in this part is evenly distributed, 
which may mean that both edge density and quality is appropriate for building density. Colloquially speaking, all paths 
are needed there and their routes and quality are optimal to serve the needs of this area. In the southern part, the density 
of routes selected by successive algorithm steps is clearly visible, which may suggest that the most important lines of 
the network lie in the central part of the area and their exclusion from the network would cause considerable difficulties 
in movement in the communication system model. Regardless of building density and, thus, communication network 
density, around fifteen edges with specific quality features prove the most important and guarantee optimum 
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movement in all directions. The edges selected most frequently in the algorithm work process are often informal edges, 
which also indicates a mismatch between the system and spatial conditions. This is also the indication of the edges 
which should be included in the pedestrian communication network in the basic system. Therefore, they require work 
on improving their quality to the level guaranteeing comfort of movement. 
Many of the identified edges in the southern part of the city were not selected even once. This means that their 
routes, as well as their quality, are random and insufficient for the purposes of network optimization.  
The analysis clearly shows the principles of design of a pedestrian communication system with a simple, multi-
directional and not very dense structure. Especially in the space which is strongly urbanized or designated for dense 
development, when designing a pedestrian communication system, the basic system should be built to guarantee long 
maintenance of the direction of passage and perfect quality of width of the surface and comfort of location relative to 
the road. Only on the basis of this system should the auxiliary system be designed, to ensure meeting the needs of 
individual built-up blocks and even single building 
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